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INTRODUCTION
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Most countries have pollution
problems.
However, the problem in the
United States has developed in less
than 200 years to at least equal that
in nations with 1,000 or more years
of history.
Immigrants found in America
unprecedented quantities of natural
resources. Forests, minerals, farmland, water and a tolerable climate
were all available for use. There
was no ~hortage of opportunity.
The newly-formed American
government encouraged-even subsidized-endeavors that developed
( and sometimes exploited) natural
resources. The Homestead Act, the
Desert Land Act, and other legislation encouraged migration to the
West where most of the untapped
resources were to be found.
If this combination of social and
political circumstances had not occurred, would we face the pollution
problems of today? We probably
would be facing fewer different
kinds of problems mainly because
we would be a small industrial nation confined to the east coast. We
would be importing most of our
food and fiber. We would not be the
wealthiest nation in the world.
South Dakota would not exist.
Thus, we must weigh the what is
against the what would have been
before we judge ourselves as foolish in our past actions.

~
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A

What is Pollution?

One pollution definition states
"any act that adversely disturbs the
environment beyond natural levels
resulting from the working of nature within its ecosystem is an act
of pollution." This definition raises
3

many questions. It implies that civilized man has no place in the environment.
Another definition attempts to
recognize man's place in the scheme
of things. It states "any act that
degrades elements of the environment, singularly or collectively, so
as to impair their usefulness or render them offensive to the senses is
an act of pollution." The second
definition reaches for a compromise:
it does not require that elements
remain undisturbed. This may be
lacking in optimum natural balance, but it does allow man to remain within the environment.
The Surge of Emotion

Environmental contamination has
triggered public concern-with accompanying emotionalism. Emotionalism frustrates the researcher
or the person dedicated to dealing
with facts. However, emotionalism
is not all bad since it does bring
public pressure to bear on government to "get going" with solutions.
The danger lies in governmental
reaction before the facts are at hand.
Fortunately, facts are emerging
quite rapidly.
Public reaction to pollution and
environment propounds t h r e e
schools o f thought. First, t h e
"doomsday" sayers. "Do something
-anything-everythi ng . . . right
now, that anyone thinks might possibly work regardless of its basis in
fact." S e c o n d, the "head-in-thesand" scholars. They avoid the problem completely, hoping that if they
ignore it, it will go away-technology will come up with a "cure-all"
in plenty of time.
The third group is deeply con-
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cerned, but also is convinced that
action must be based on factual information. This group realizes that
getting all the answers will take
time-perhaps too much time. It
d o e s not suggest a "do-nothing"
program while awaiting answers. It
proposes action based on currently
available information to be expanded or altered as more information
becomes available.
Cost of Pollution Control,

Pollution control will cost billions
of dollars in federal, state, and private funds for research, construction and enforcement. Social aspects
stemming from the problem are
enormous. "One man's solution is
another man's pollution" carries vast
economic and social implications.
For example, we have the knowhow to return to organic agriculture
as advocated by some. After all,
we're experienced, we did it for 125
years. But as pointed out by one
administrator long associated with
agricultural production, "... before
we move in that direction, someone
must decide which 50 million of
our people will starve. We simply
cannot feed, even at subsistence
levels, our 205 million Americans
without a large production input
of chemicals and antibiotics." This
administrator's jest that "part of the
trouble with us is that two-thirds of
all living Americans never bit into
a wormy apple, looked at the worm
hole and wondered if the worm was
still in the apple or in their mouth"
serves to connect the what is and
what would have been.-Foster F.
Kerr, Water Resources Specialist,
Cooperative Extension Service,
South Dakota State University.

A Summary

Many state and federal laws relate directly or indirectly to pollution control. Only those of particular
application to South Dakota are
summarized here. ( See also section
on "References" for additional listings).
Federal Laws

I. The River and Harbors Act of
1899 has not been enforced on inland waters until recently. This Act
prohibits the deposit of refuse in
navigable streams or tributaries
thereof without a permit from the
Corps of Army Engineers. This applies to industry including the livestock industry if it is a continuous
discharge from a point source.
2. The Water Quality Act of 1965
(PL 89-234) established the Federal
Water Pollution control Administration ( FWPCA) under the Public
Health Service; increased grant
moneys for construction and reearch; and provided that each state
adopt Water Quality Standards acceptable to FWPCA. If states did
not act, the federal government
would do so. South Dakota Standards were approved originally by
FWPCA August 7, 1967 and amendments were approved by the Environmental Protection A g e n c y
(EPA) on June 28, 1971.
3. Clean Water Restoration Act
of 1966 ( PL 89-753) provided for
comprehensive river basin studies
for planning pollution control facilities. South Dakota has one such
study that started October 1, 1970
on the Upper Cheyenne River. The
Act also increased grants for research, development, and demonstration.
4. Administrative Reorganization
Plan No. 2-1966 transferred
FWPCA from the Public Health
Service to the Department of Interior and changed the name to the
Federal Water Quality Administration (FWQA).
5. Administrative Reorganization Plan No. 3-1970 established the
Environmental Protection Agency
(EPA) and transferred almost all
pollution control activities of the
federal government to the n e w
agency.
( Note the name changes of administering agencies: FWPCA was

Pollutio n
Laws
first under the Public Health Service. It was replaced by FWQA under the Department of Interior.
Then in 1970 FWQA was absorbed
into the new EPA. EPA maintains
regional offices. The one serving
South Dakota is in Denver.)
State Laws

I. Department of Game, Fish
and Parks. Certain provisions of
South Dakota Compiled Laws 1967,
Titles 41-13, 41-16, and 42-8 prohibit addition of refuse, chemicals,
wastes, and silt to waters containing
game fish; provide for control of
wastes from boats; and prohibit littering of public waters.
2. Department of Health. The
general public health law ( SDCL
1967, Title 34-1 ) empowers the
Public H ealth Advisory Committee
to make regulations governing water pollution control, hygiene and
sanitation; scavengering and disposal of sewage; pollution of streams
and other waters; and accumlation
and removal of filthy and unwholesome materials that might be injurious to the public health.
3. The South Dakota basic law
on pollution ( SDCL 1967, Title 4625) creates a separate regulatory
committee for control of pollution.
Composition is State Health Officer;
chief engineer, Water Resources
Commission; director, Department
of Game, Fish and Parks; and four
members appointed by the governor to represent industry, municipalities, livestock feeders, and
livestock growers. It provides for
setting and adoption of water quality standards; investigative, restraint
and p enalty powers; power to
adopt and enforce regulations.
Further details of legal application
are found in regulations.
4. South Dakota Water Quality
Standards as approved in 1967 and
1971 have all the powers of law.
They specify the quality requirements for designated streams and
5

lakes in the state. Quality requirements are based on designated uses
of the waters of each lake or stream.
Discharges into a stream must not
reduce the quality below its designated standard.
5. Passed by 46th Legislature,
1971:
1 through 33.
a. 45-6A Adopts "Surface M i n i n g
L a n d Reclamation Act"
providing for regulation of
surface and s t r i p mining
and requires reclamation of
affected land.
b. 46-25-5. Provides that after
December 31, 1973, no public waters of the state shall
be designated as "Class B."
( Whitewood Creek is the
only o n e s o designated
now.)
c. 46-25-10. Permits a conservancy district or any 15
electors of the state to petition the Committee on Water Pollution to investigate
alleged water pollution.
Pesticide Laws

At the national level, pesticides
are registered for interstate sale by
the Pesticide Registry Division of
the Environmental Protection Agency, which was activated on December 1, 1970. Before any pesticide
moves in interstate commerce it
must meet standards set by that federal organization for efficacy, safety,
performance and residue research.
At the state level, South Dakota
has ratified a uniform law that requires Federal Registry and yet recognizes state rights should more
stringent localized regulations be
needed.
While federal and state laws regulate sale of pesticides, the commercial application of pesticides is regulated by the Spraying and Dusting
Law. This law regulates and licenses commercial aerial and ground
applicators who apply pesticides as
a profession. Pesticide application is
regulated by law to protect man, animals, wildlife, and the environment. Federal and state legislation
covered in this section included the
period up to January 1, 1972.-Foster F. Kerr, Water Resources Specialist, Cooperative Extension Service, South Dakota State University.

Munici pal and
Industr ial
Waste
Treatm ent
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Water use constantly increases
because of a higher and more mobile population shifting from rural
to urban areas plus the continual
expansion of industry.
As the use of water increases,
quantity of wastewater is also boosted and often results in overloaded,
'.inefficient wastewater treatment
facilities. Wastewater improperly
:t reated poses a -threat to human
health, to aquatic life, and to water
-recreation. Water users have a right
;to the water available to them partly because it is a natural resource.
They also have a moral responsibility to return the wastewater in a
condition that permits continued
benefits for others along the "use"
chain.
Water-carried waste from residences, commercial establishments
and public buildings is domestic
waste water. This, combined with
water-carried wastes from industries, makes up what we ca.II municipal waste water, a dirty appearing
liquid containing various types of
suspended solids floating or in solution.
Wastewater also contains microorganisms, some of which aid in
treatment processes, while others
are disease producing or pathogenic. Treatment processes, should encourage growth of helpful bacteria
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Primary treatment of waste water. (Illustrations
on pages 6 and 7 from "Concrete far Waste W ater Treatment Warks," Portland Cement Association, used by permission.)
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while destroying organisms that are
a health hazard.
Because industrial waste varies
greatly, depending on the type of
industry involved, some of it cannot
be treated successfully by municipal treatment plants. These wastes
require a pretreatmen t by the industry before being discharged into
a sewer, or separate treatment and
disposal methods. New industries,
new products and new types of
waste materials mean research
must continually seek new and better methods for treatment of industrial wastes ( see accompanyi ng
list of industrial wastes and potential pollution effects).
Sewage Treatment

Sewage treatment methods depend on amount and strength of
sewage discharge and must be in
accordance with government objectives and state requirement s.
Treatment plants are commonly
described as for primary treatment
or for secondary treatment. Basically, primary treatment intercepts the
large solids and sizes them for additional treatment that separates
them, by settling, from suspended
organic matter. During this process
grease and scum float to the top
where they are removed. The
sludge is digested, dried and then
disposed of by burning, burying or
using as a fill. When the solids have
been separated from the waste
water, dissolved solids remain. If
treatment is sufficient to protect
local water resources, the remaining liquid can be discharged into
receiving water. If disinfection of
effiuent is required a chlorine treatment is used to destroy disease-producing bacteria.
Secondary treatment consists of
biological oxidation and sedimentation of organic matter. It is required to protect the beneficial uses of
our streams and lakes. Secondary
treatment includes all of the steps
in primary treatment plus two basic
organic removal and stabilization
methods: the trickling filter and
activated sludge treatment. Chlorination is also often included in this
treatment method to insure complete disinfection of the effiuent.
For subdivisions, industrial developments, or isolated locations

Industrial Wastes
as Potential Pollutants
All wet-process industries produce liquid
wastes. These wastes, however, vary greatly in
amount, in strength, and in pollutional factors.
Most industries treat wastes to reduce pollution
potential before discharge or the wastes are
treated in municipal facilities. Some of the more
important industries from the waste viewpoint
are:
OXYGEN-CON SUMING WASTES
Pulp mills
Beet sugar refineries
Tanneries
Canneries
Textile mills
Packinghouses
Laundries
Breweries
Dairies
HIGH SUSPENDED SOLIDS
Packinghouses
Breweries
Distilleries
Coal washerics
Coke and gas plants
Paper mills
Tanneries
Canneries
HIGH DISSOLVED SOLIDS
Water-softening
Chemical plants
plants
Sauerkraut canneries
Tanneries

"package plant" wastewater treatments have been developed. These
plants operate on the basis of biological oxidation using trickling
filters or activated sludge units.
About half of the total South Dakota population is served with an
adequate wastewater treatment
system. In 1970, there were 36 communities in South Dakota with inadequate treatment plants, 144 with
adequate treatment plants, and 5
with no treatment facilities. The
communities with no treatment facilities involved 8,967 persons.
Thermal Pollution

Some industries generate large
amounts of heat and use water for
cooling. This warmed-up water is
often returned to the nearest waterway, increasing the temperature of

Secondary
water.

OILY AND GREASY WASTES
Metal-finishing shops
Laundries
Petroleum refineries
Oil fields
Wool-scouring mills
Packinghouses and
Tanneries
COLORED WASTES
Textile dyehouses
Paper mills
Tanneries
Electroplating shops
TASTE AND ODOR-BEARING WASTES
Petroleum refineries
Coke and gas plants
Chemical plants
TOXIC W'ASTES
Electroplating shops
Atomic weapons and
atomic energy plants Pulp mills
Chemical plants
Tanneries
ACID WASTES (LOW pH)
Electroplating shops
Iron and steel mills
Sulfite pulp mills
Coal mines
ALKALI WASTES (pH)
Tanneries
Chemical plants
Textile plants
Laundries
HIGH TEMPERATURE WASTES
Textile-finishing
Bottle washing plants
plants
Laundries
Electroplating plants
Power plants

the receiving waters. This warmer
water may be harmful not only to
aquatic life but also might make the
water less valuable to other users
downstream . This is called thermal
pollution.
Temperatur e changes of only 3
or 4 degrees in a body of water may
harm aquatic life and affect the
ecological balance. Control methods
are available, although they are
expensive, for re-cooling this water
before it is discharged into a receiving water. The magnitude of
the "waste heat" anticipated in the
future is so great that research must
find more effective and efficient approaches to cope with the problem.
-G. Robert Durland, Agricultural
Engineer, Cooperative Extension
Service, South Dakota State University.

treatment

of waste

Hou seho ld and
Soli d
Was te
Poll utio n

Principal parts of a septic tank sewage disposal system. (Illustrations on page 8 and
9 from "Home Sewage Disposal Methods
and Techniques," Extension Service,
Pennsylvania State University.
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Wastes from landry, bath and
kitchen are household wastes. Solid
wastes include a variety of solid
materials and semi-liquid or wet
wastes of insufficient liquid content
to be free flowing. Effective disposal
methods of these wastes must not
contaminate water supplies or recreational waters, must not create
health hazards, and must not result
in odorous or visual nuisances.
Household Wastes

Household wastes can best be disposed of through ·a pproved public
sewage disposal systems. However,
in rural areas this is usually impossible so individual disposal systems
must be used. These systems consist of the house plumbing, a septic
tank and a final disposal field.
The house plumbing must be
vented so that gases, which have a
bad odor and are potentially hazardous, will be released outside the
home, usually through the roof. The

Select the best-drained site
and make soil percolation
tests in the proposed effluent disposal area.

septic tank is a holding chamber for
the wastes that allows non-oxygen
requiring anaerobic bacteria to reduce the wastes to liquid, gas,
sludge and scum. The septic tank
provides only partial sewage treatment and does not purify the wastes.
The overflow, or effluent, from a
septic tank contains large numbers
of bacteria and organic matter
which may result in a health hazard
if discharged on the ground surface.
This effluent must be discharged into a disposal field below the soil
surface where filtration of the solution takes place and oxygen-requiring aerobic bacteria can stabilize it.
The system is only as effective as
each of its parts. It is a common
practice when problems develop or
for ease of construction to eliminate
or bypass different parts of the system, thereby creating a pollution
problem. The most common discrepancy is the elimination of the
underground disposal field despite
State Health Department regulations which state that no part of the

contents of a cesspool or septic tank
may be discharged into a waterway,
abandoned well, or on the ground
surface.
Detergents

Much of the concern about detergents entering our waters probably
stems from the fact that we need
much more information in order to
attack the problem. Phosphate is a
specific example of a detergent ingredient that has caused concern.
Phosphate functions as a "builder"
in that it softens water, increases
efficiency of the surface active agent
( commonly called surfactant),
furnishes alkalinity for cleaning,
provides resistance to change in
alkalinity during washing, and
emulsifies oil and greasy soils.
Phosphates have no soaplike properties, but rather enhance the
cleaning power of surfactants. The
problem arises because phosphate
is not biodegradable. Removal of
the phosphate chemically in municipal treatment plants may be one
9

answer to enhancement of eutrophication in streams by phosphate.
Another answer is to find a substitute for phosphate in detergents.
The substitute must wash clean, be
safe to use, should not be toxic to
fish or organisms in their food chain,
should be biodegradable, should
not be stimulatory to algae or other
undesirable plant life-and still fill
the need for billions of pounds of a
cleaning product at reasonable cost.
Solid Wastes

As a byproduct of our consumption, the average person discards
about one ton of solid waste each
year. These wastes usually end up
in city dumps or sanitary landfills.
These terms should not be interchanged: a dump is a disposal site
on land, often unsupervised, where
solid wastes are deposited with little or no regard for pollution control or aesthetics; a sanitary landfill
is a method of disposing of refuse on
land without creating nuisances or
hazards to public health or safety.
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Area sanitary landfill method. The bulldozer spreads
and compacts solid wastes. The scraper (foreground)
is used to haul the cover material at the end of the
day's operations. Note the portable fence that catches
any blowing debris. This is used with any landfill
method. (Drawing from "Sanitary Landfill Facts,'' U.
S. Department of Health, Education, and Welfare.)

A truck unloading at a typical city dump. Note the
smoke that contributes to air pollution.

Garbage on the surface typifies the
common disposal methods at city
dumps.

Out of 387 disposal sites surveyed
in South Dakota, only two ate sanitary landfills.
Dumps

Dumps create health hazards,
economic loss and aesthetic blight.
If waste burning is permitted, further pollution results from the
smoke. Discarded food in packaging and containers that are burned
becomes more accessible to rodents.
There are no controlled burning
practices on almost 93% of South
Dakota's disposal sites. Nationally,
about 90% of our solid wastes are
disposed of in dumps.
Sanitary Landfills

A sanitary landfill is a well-controlled facility with four basic
operations:
1. solid waste deposits are controlled in a prepared portion of the site,
2. solid wastes are spread and
compacted in a thin layer.,
3. solid wastes are covered at
least daily with a layer of
soil, and
4. the cover material is compacted daily.
A sanitary landfill is an engineered construction project that upon
completion can be used as a golf
course, playground, or other community activity.
Planning the final use of the site
will help the designer as well as help
gain public support for the project.
Because of variations in topography, water tables and soil type
characteristics, the location of the
disposal site must be determined
through intensive investigations to
prevent degradation of nearby
water sources.
Incinerating an,d Composting

Other solid waste disposal methods are incineration and composting. Incineration is a controlled
combustion process that reduces
solid waste volume. A sanitary landfill must still be used for disposal of
certain solid wastes. Examples are

wastes that cannot be processed because of size or composition-a s well
as the incinerator residues themselves.
Composting processes waste for
reuse as a soil conditioner. Combined with recycling of certain waste
products, it may in the future provide a useful waste treatment method. A use and demand for the end
product must be assured before this
system will be successful.
Recycling

Certain metal, paper, plastic, and
glass waste products can be recycled. Paper, paper products and
some metals are the most likely
items for economic recycling in
terms of source and end-product
volume and known technology of
recovery. If half of the projected
growth of the paper products industry was supplied with recycled products, 91½ million acres of forest
land would be released for other
uses.
The best potential for recycling
metal products is junk-autos, scrap
and incinerator residues. Auto salvage currently is mostly limited to
large metropolitan areas although
"mobile" recycling facilities are
being used in other areas.
Dead Animals

Dead animals or poultry can pollute the environment in several
ways. Decaying carcasses of animals that died from infectious diseases may harbor active germs
( bacteria •and virus) that spread
the infection to other animals or
humans. Some bacteria may form a
resistant spore and remain infective.
Soil in contact with the carcass may
become contaminated and be capable of spreading the infection for
many years.
The South Dakota Livestock
Sanitary Board has established regulations regarding the disposal of .
dead animals-G. Robert Durland,
Agricultural Engineer, Cooperative Extension Service, South Dakota State University.
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Disposal of
Pesticides and Containers

Disposal of pesticides and
"empty" containers is a growing
problem in pesticide use. More pesticide pollution problems have been
connected with improper disposal
than with actual pesticide use.
Although home garden and small
farm operators use smaller amounts
of pesticides, they are still responsible for proper disposal of unused
chemicals and containers.
Proper pesticide disposal includes
burial on private property at a place
that minimizes possibility for contamination of surface and ground
water. Another method is burial of
pesticides or containers at a municipal landfill disposal site. In South
Dakota, however, most municipal
disposal sites are inadequate for
this method.
Larger farm operators and commercial pest control operators will
handle greater volumes of pesticides
and certainly accumulate more returnable and non-returnable containers. Whenever possible, these
accumulated containers should be
returned to the pesticide supplier
or to a licensed cooperage firm properly equipped to reclaim them.

If these methods are not available, it will be necessary to dispose
of these containers as well as unused or unusable pesticides by other
means. These include burial on
privately owned land and incineration under carefully controlled conditions. Initial cost of this type of
incinerator is high although it is
likely this method of pesticide
disposal will gain favor in the
future. At any rate, soil disposal,
while workable for the present, cannot continue indefinitely.-W ayne
L. Berndt, Entomologist, Cooperative Extension Service, South Dakota State University.

No ise
Po llu tio l]
•

1n

Ag ric ult ure

An Agricultural Experime nt Station bulletin, 'Q
Quiet Y CJ1W Noisy: Tractor,'' de~
scribes noise research and tell,s how to
reduce noise by soundproofing the cab,
using ear muffs, and by other means.
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Noise is a pollutant that can affect health, work and general enjoyment of life.
Places in South Dakota where
noise is suspected of going above
the danger level include small
machinery manufacturing plants,
corn processing plants, feed milling
plants, dairy product processing
plants, lumber mills, agricultural
implement repair shops, farm building centers, and machinery on the
farm or ranch itself.
It is not possible or practical for
most persons to actually measure
sound levels. Researchers, however,
have devices which they use to
measure sound. They use a measuring unit in decibels. For instance,
sound at or above 85 decibels is
considered dangerous. The accompanying listing provides a relationship showing familiar sounds and
their decibel rating.
Research on agricultural machinery noise at South Dakota State
University has mostly centered
around farm tractors. Briefly, some
of the findings:
• In this study the 88.2-decibel
level for periods of continuous exposure was determined as enough
to cause hearing damage.
• Placing a cab on the tractor
tended to "concentrate" and in-

crease the noise level at the position
of a sea_ted operator's head.
• Soundproofing material placed
inside the tractor cab effectively reduced the noise level.
• Soundproofing the tractor without soundproofing the cab was not
an effective noise reducing method.
• Large volume muffiers ( snubhers) are effective noise suppressors.
• A 2-foot extension added to a
factory replacement muffier was effective when used on the tractor
with a soundproofed or non-soundproofed cab.
• A tractor plus soundproofed
cab or a soundproofed tractor plus
soundproofed cab acceptably reduced sound levels for continuous
exposure.
Earmuffs

Other research at SDSU revealed that light weight industrial-type
earmuffs reduced tractor noise to
acceptable levels. Although some
operators in the study experienced
minor physical discomforts from
wearing earmuffs, they preferred
using the devices rather than being
subjected to excessive noise.
The study indicated that at least
89% of farm tractor operators will
wear the earmuffs, at least part of
the time, once they become accus-

tomed to them. This represents a
significant number of people who
can obtain immediate protection
from excessive agricultural equipment noise at a reasonable cost.
Tending to support this finding was
the experience of a student activity
club at SDSU. As a project to provide a service for farmers, the club
obtained supplies of a suitable earmuff and made them available at a
reasonable cost. More than 3,000
earmuffs were sold by the club during the ensuing 18-month period.G. Robert Durland, Agricultural
Engineer, Cooperative Extension
Service, South Dakota State University.
Rule-of-Thumb Sound Comparison
Soft whisper.
Low street noise; average office sounds.
Average household.
Ordinary conversation.
70 Average radio.
80 Heavy street traffic; factory noise level.
85 Acceptable level as used in various studies.

20
40
50
60

90 Pneumatic drill; food blender; loud radio;

noisy street; some tractors.
95 Open car window near left ear; some
tractors.
110 Boiler shop; mQtorcycle; power mower;
outboard motor; some tractors.
118 Threshold of discomfort.
120 Airplane; nearby thunder
130 Shotgun.
140 Firecracker near ear.
143 Threshold of pain.
150 Heavy rifle
160 Jet with afterburner.

The man on a tractor or working in a factory is not the only candidate for health
problems caused by exposure to noise. The
kitchen, according to some studies, is the
noisiest room in the h011ne. The average
suburban home has as many as 20 small
motors. Rumbling automatic dishwashers,
garbage disposal units, refrigerators at low
setting are fust some of the kitchen sound
pollution sources.
13

Sedim .ent as a Wate r
Pollu tant
Sediment is the world's oldest
pollutant. It is also presently by far
the major offender in the United
States.
Man has aggravated sedimentation by cutting forests and clearing
land, resulting in reduced ground
cover tQ absorb moisture and hold
the soil. Rain compacts bare land to
form a hard surface. When water
Hows over the surface it carves gullies on down-grades and carries
away soil particles.
Centuries are needed to build up
one inch of topsoil. But one heavy
rainstorm can wash it away in
hours. America lost an estimated .
half of its topsoil between the time
the Pilgrims landed and the Dust
Bowl days of the 1930's. Each year,
about 500 million tons of sediment
wash down the Mississippi River
and settle in the Gulf of Mexico.
Sediment Problem

Indications are that the 17 million
cropland acres in South Dakota lose
86 million tons of soil annually. This
approximates an annual loss of topsoil to a 6-inch depth on 86,000
acres or 135 square miles-which
could be represented by a square
area about 1m miles on each side.
One-third of this annual loss comes
from only 9% of the state's cropland
acreage.
Research in Lake County shows
annual topsoil losses of 18.4 tons an
acre from fallow and 5.8 tons from
continuous corn on a 5.6% slope but much less soil is lost when any
kind of conservation practice is
used. USDA watershed and reservoir data indicate even greater topsoil losses in the James River and

14

Big Sioux River watersheds: an average of 10 tons an acre annually.
A work plan for a watershed in
Union County indicates annual soil
losses zooming to as much as 43 tons
an acre annually.
Sediment Carries Nutrients

Besides clogging streams and
rivers and filling lakes, sediment
losses rob fields of plant nutrients
needed for crop production. The
valuable plant nutrients held to the
active surface of fine soil particles
are lost when these sediments are
removed.
Erosion moves about eight times
more nitrogen off our sloping lands
each year than the total amount of
nitrogen fertilizer applied to our
croplands.
Nitrogen fertilizer properly applied at recommended rates on cropland where erosion is controlled
ordinarily does not pose a pollution problem. But when excessive
amounts of fertilizer nitrogen are
used or applied by questionable
methods, nitrogen not only can
move with surface water and find
its way into drainage waters but it
also may percolate into shallow
underground waters.
Phosphorus movement in soil is
quite different from that of nitrogen.
Fertilizer phosphorus is not as
quickly soluble in water as is nitrogen. Instead it is held on the surface
of soil and organic matter particles.
Thus, fertilizer phosphorus has little chance of becoming a ground
water hazard, but can be lost from
surface soil through erosion. Where:
soil erosion has been severe, as
much as 70% loss of applied phosphorus has been noted. Research
has found concentrations of available phosphorus in erosion seditimes more
ment to be nearly
than that contained in the soil used
to produce the crop. However, as
with nitrogen, properly applied
fertilizer phosphorus is not expected to be a water enrichment problem when soil movement is contained by adequate erosion control.
Some soil-applied agricultural
pesticides are also held by soil partiles until they are degraded. These
pesticides may accumulate in certain fish and wildlife species if the
chemical is moved into water.

These pesticides can be used without exc.essive contamination of the
environment if they remain in the
field. The chemical may become
the medium of pollution but man is
the originator unless he follows the
carefully determined label directions as to rate, method, and time of
application. Preventing soil erosion
helps reduce the risk of contaminating other natural resources with
these kinds of pesticides.
Erosion Control Measures

Erosion control is the best way to
solve most sediment problems associated with agricultural water pollution as well as in such non-agricultural activities as construction
sites and road building. Basic ero-

/

m,
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sion control principles include:
dissipating the force of raindrop
impact, reducing amount of runoff
or maintaining high soil infiltration
rates, retarding runoff velocity, and
managing soils to enhance their resistance to erosion.
Minimum tillage and crop residue
surface management along with
strip cropping and contour farming
are tillage systems that effectively
control erosion losses of soil, water,
and plant nutrients. Surface residues
dissipate raindrops and greatly reduce the sediment-carry ing capacity of runoff.
Changing cultivated fields from
row crops to small grain can reduce
erosion soil loss by as much as 80%.
Cropland terraces can reduce ero-

I

sion in fields by 75%. When used
with crop rotations, mulching and
minimum tillage has reduced erosion almost entirely. Cropland converted to pasture or woodland often
reduces soil erosion by 90% or more.
Regulatory Aspects

The fact that erosion is controllable is beginning to have an impact
on the public. Whether we like it
or not, more and more state legislatures are enacting laws to curtail
soil erosion-and it is not all related
to agriculture. Hawaii gives ultimate authority to determine adequacy of conservation measures to
the local health officer. Iowa's new
regulations pertain to soil erosion
loss limits in urban as well as in
agriculture areas.
Erosion that causes pollution is
against the law in Pennsylvania

where the Sanitary Water Board
has the authority to eliminate
sources of pollution, including sediment. "Top soil abuse by relatively
few owners and operators should no
longer be tolerated," declared the
governor of North Dakota during a
legislative study of ways to protect
the state's environment and natural
resources.
One authority sums up the thinking behind many current legislative
efforts in this way: "The right of an
individual to. his land is secondary
to that of society's need for productive soil. Soil, like air and water, is
a national resource, and no individual should be able to alter its quality without being subject to legal
action."-Edward J. Williamson,
Agronomist (Soils), Cooperative
Extension Service, South Dakota
State University.

Buckskin knoll (right)
subsoil showingi
with
thdrough ~ tops oil is erode away into 1ower areas
of the field.

~

Rows up-and-down hill and
over terraces. Note eroded ~
topsoil in foreground.

These soil erosion plots
(bottom, right) at USDA
Agricultural Research Sta- - .
tion near Madison are providing more vnformation
on methods to reduce topsoil losses.

Overgrazing (below) not only triggers soil erosion, but it destroys
food and cover for wildlife.
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Wildlife--a Measur e of
Environin ental
Quality

Cover provides protection and
food for wildlife. This fawn is in
good cover.

The basic needs of wildlife are
essentially the same as those of man.
Most wildlife species are products
of a clean, fertile and productive
environment. They must have adequate food, clean water and protection from the elements to survive.
So must man.
Wildlife is an excellent measure
of environmental quality. A severe
population decline of a wildlife
species, for example, may signal
that something is wrong or changed
with its environment. Various factors may alter the environment with
lack of suitable habitat being a
major cause. Pollution, although
only one factor, can kill directly or
indirectly, affect behavior, reduce
reproduction, and destroy habitat.
Eutrophication and Water Pollution

Eutrophication refers to the enrichment of our lakes. It is a natural
process usually covering centuries
or even thousands of years.
Eutrophic waters produce high concentrations of algae and other
aquatic plant life. As bottom sediments accumulate from deposition
of organic matter, the lake slowly
changes to an open water marsh,
then to a temporary pond, and finally to a prairie. The eutrophication
process is speeded up in lakes receiving excessive amounts of organic
matter, nutrients and soil, causing
them to die an early death.
Naturally occurring levels of organic matter and nutrients are necessary to maintain a healthy fish
population. Excessive quantities,
however, cause heavy algae growth
during the summer. The algae and
the additional organic matter must
decompose. This process requires
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tremendous amounts of oxygen.
When the oxygen is depleted, fish
suffocate.
Fish kills of this type are most
common in late winter and are
termed wint.erkills. "Summerkills"
can also occur when the water temperature is high and thick cloud
cover restricts sunlight causing algae to use more oxygen than they
produce.
Game fish-trout, walleye, bass
and others-have higher oxygen requirements than some other species
so are the first to die when dissolved oxygen in water begins to decrease. Coarse fish such as carp,
buffalo, and bullheads are more tolerant. One characteristic of an
eutrophic lake is an increased percentage of coarse fish.
Sources of additional organic
matter and nutrients in lakes include or are caused by:
• Inadequate treatment of the additional human sewage from growing urban populations.
• Fertilizers that boost crop production, if allowed to wash into
lakes, increase production of algae.
Commercial fertilizer use in South
Dakota as in other states has increased greatly in recent years.
• Large concentrations of cattle
and other livestock become a source
if the organic matter and nutrients
they produce wash into bodies of
water during rain or snow melt.
• Soil erosion which speeds
eutrophication by causing a body of
water to become shallower as well
as by "importing" additional quantities of organic matter and nutrients.

Excessive organic matter and
nutrients cause heavy algae
growth. Decomposition of altremendous
gae requires
amounts of oxygen. When the
oxygen is depleted, fi,sh suffocate and die.
Pesticides, especially those that
may remain toxic for years, don't
always stay where they were applied. They have been transported
hundreds of miles by rivers, streams,
ocean and air currents. DDT, for
instance, has been found in the tissues of Arctic polar bears and Antarctic penguins. Yet DDT has not
been used in these regions.
The insecticides considered most
environmentall y hazardous are the

Pesticides and Wildlife

Pesticides can create environmental problems in several ways.
They may harm animals other than
the target species. For example, a
spray used to control harmful insects may kill birds that feed on
these insects or may kill beneficial
insects such as honeybees and ladybugs.

Raw sewage dumped into bodies
of water adds to pollution woes.
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chlorinated hydrocarbons. These
materials remain toxic in the environment for extended periods of
time. Because of their long-lived
toxicity, their use in agriculture
has been restricted somewhat in
recent years.
Persistent pesticides, however, do
pose a threat to wildlife if improperly used or even if used at levels recognized as acceptable. Therefore,
people should be forewarned of

their effects. Some research findings are cited below.
Some insecticides are sufficiently
toxic and recommended application
rates are large enough to cause
death to birds soon after use of the
chemical. For example, in one state
where aldrin was applied for grasshopper control at 2 ounces per acre
nearly a third of the young waterfowl were killed in the treated area.
Aldrin has not been used nationally
as a grasshopper control since 1964
and is now only used as a soil application for the soil insect complex in
corn.

Estimated U. S. Consumption of Selected Pesticides

Effects Sometimes Subtle

More often the effects are more
subtle. In South Dakota research,
pheasant chicks from dieldrin-fed
captive adults were found to be less
able to avoid capture than chicks
from adults not fed dieldrin. Pesticide levels in the brain tissue of
wild pheasants did not differ significantly from the experimental
chicks. Also, it was found that
dieldrin lowered food consumption,
fertility and hatchability of eggs.
Another threat to wildlife from
some insecticides appears to be the
effects on reproduction. In New
York lakes containing DDT, heavy
mortality of trout fry was found
when the eggs contained about 3
or more parts per million ( p.p.m.)
of DDT. In California, pheasant
eggs from land treated with DDT
and dieldrin produced fewer
healthy chicks than did eggs from
untreated land.
Several scientists maintain that
DDT and related insecticides have
caused drastic declines in populations of soµie large carnivorous
birds_; The bald eagle, osprey, peregrine falcon and brown pelican are
among those affected. DDT interferes with the calcium metabolism
of the birds, the result being that
some birds lay eggs without shells
or eggs with shells so thin they
break during incubation. Complete
reproductive failures in wild birds
have occurred in some areas of the
country where pesticides are intensively used.
Chemicals in the Food Chain

Fish-eating birds are more apt to
accumulate pesticides in their
bodies than other birds. Persistent

chemicals carried in lakes or waterways progressively move up the
food chain through aquatic insects
and forage £sh, becoming more concentrated in the £sh-eating birds at
the top of the food chain.
A large die-off of £sh-eating birds
was noted on a large lake in California. The lake had been treated
several months earlier with DDD,
a DDT related compound, at a rate
of 0.02 p.p.m. to control biting
midges. Analysis of the dead birds
showed concentration of the chemicals to be 1,600 p.p.m.
South Dakota generally has smaller amounts of pesticides in waters
than do other states. This advantage should be maintained by wise
and selective pesticide use by
everyone including, but not limited
to, agricultural users.
Herbicides

Herbicides have created problems for various kinds of wildlife.
Several western states have experienced wildlife declines in areas
where sagebrush is being eliminated with 2,4-D. Sagebrush is a main
food item for several wildlife species
including sage grouse, pronghorn
antelope and mule deer. When the
sagebrush dies, desirable wildlife
begins to disappear.
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Spraying to control weeds often
destroys good wildlife habitat.
Native plum and willow thickets,
excellent for winter protection for
pheasants, have been virtually
eliminated in some areas in South
Dakota. Likewise, many broadleafed species of plants such as alfalfa
and clover are eliminated through
roadside spraying operations. These
plants provide better game habitat
than a solid stand of grass.
Recent research has found that
the herbicide 2,4-D seriously affected the fertility of several gamebirds.
If the chemical was sprayed on the
eggs of pheasants and partridges at
rates normally used in agriculture,
most of the embryos died prior to
hatching. Most of the surviving
chicks were either partially or completely paralyzed.
A a general rule, most wildlife
damage associated with herbicides
is due to habitat destruction. This
however, can be just as deadly as
killing directly.
Mercury

Mercury is another potential contaminant that is sometimes used as
a fungicide for seed grain. It is also
widely used in industry and to a
lesser degree by medicine and in
agricultural chemicals.

However, mercury is naturally
present throughout our global environment: in the soil, minerals,
rocks, in ground and surface waters
and in the atmosphere. Mercury as
elemental mercury does not present
the severe hazard that it does when
it is converted by biological transformation into soluble methyl mercury.
Based on available evidence, it
does not appear that a mercury toxicity problem exists in South Dakota
although a mercury pollution problem exists. Fish taken from South
Dakota waters have been shown to
be within safe limits set by the Food
and Drug Administration for mercury. However, in Sweden a severe

decline of wild game bird population was caused by mercury. Dead
bald eagles have been found containing lethal amounts of mercury.
Research on the effects of mercury
to wildlife are in the early stages
but do indicate this element is, at
least, potentially hazardous.
Again, South Dakota may be considered relatively fortunate as far
as mercury in the environment is
concerned-the problem is to keep
it that way.
PCB's

A group of compounds called
polychlorinated biphenyls ( PCB's)
sometimes contaminate food, water,
- and livestock feed. They are not

Fish-eating birds

1,600 p.p.m.

An aquatic
food chain
showing the
concentration
of insecticides
from the
bottom to
the top.
(Based on a
California
study.)

pesticides but share some of the
same characteristics and can be confused with several pesticides in
analytical methods. The persistent
PCB' s are found in many commer~.
cial products: printing inks, carbon
paper, rubber tires, plasticizers,
adhesives, flame resistant materials,
among others. Preliminary research
has found this contaminant often
affects wildlife in much the same
way as do chlorinated hydrocarbon
insecticides. Research on PCB's is
in its infancy.
Siltation

Soil erosion and siltation, aside
from speeding the eutrophication
process, affects wildlife in other
ways. Declines of game fish-such
as rainbow trout, walleye, and
northern pike-are sometimes attributed to siltation. These fish require
rocky or sandy bottoms for spawning. When eggs become covered
with silt they smother and fail to
hatch.
Siltation affects upland wildlife
as well. Eroded, less fertile land
produces less vegetation needed by
wildlife for protection and food.
Other Environmental Problems

Road construction is a major factor in the loss of over 80% of our
trout streams in the Black Hills.

Natural wetlands are valuable for
waterfowl, upland game, furbearers, and deer in South Dakota.

Carnivorous fish

2,100 p.p.m.
/

Herbivorous fish

300 p.p.m.

Aquatic Plants

5 p.p.m.

Water

0.02 p.p.m.
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Road construction dumps tons of
silt into the streams each year, rechannels streams and destroys
stream-side vegetation. These problems indirectly destroy spawning
sites and necessitate increased use
of hatcheries for artificial propagation of trout.
Mining wastes have completely
robbed some Black Hills streams of
their aquatic food supplies for trout
by a combined abrasive and smothering action. Mining wastes also
create acidic water conditions to
the extent that trout suspended in
the streams die within a few minutes.
Drainage and conversion to cropland of about a million acres of
small lakes and sloughs in eastern
South Dakota has destroyed nesting habitat of waterfowl and cover
for pheasants, deer and other types
of wildlife, according to USDA.
In some areas in the nation excellent river bottom habitat for deer 1

quail, squirrels and fur-bearing animals has been destroyed by straightening and channelizing meandering
river:s and streams. This process has
reduced fish productivity in some of
these areas by more than 90%. There
has not been extensive channelization of South Dakota rivers and
streams yet.
Fall plowing increases the
chances of soil erosion and covers
food that might otherwise be available to wildlife during the winter.
It also increases drifting of snow because it leaves no vegetation to act
as a snowfence. Therefore, whatever cover is left for wildlife near
the plowed field will become drifted
in with snow. Thus it becomes a
death trap instead of protection.
Overgrazing reflects poor range
management and poor soil conservation practices. It also affects wildlife because of reduction in vegetative ground cover. Ground-nesting
birds such as puddle ducks, prairie

chickens and pheasants need this
vegetation for safe nesting. Many
other species of small and big game
use the cover for protection from
weather and predators and for food.
Overgrazed land loses its ability to
support wildlife.
Overgrazing destroys streamside
vegetation that helps keep the water
cool, provides cover for fish, and
prevents erosion of stream banks.
Picture Not All Bleak

The picture of pollution effects
and environmental change is not
all black for wildlife. Some wildlife
species have not diminished. In
some cases wildlife has prospered in
spite of environmental changes by
man. Deer, raccoons, fox and others
have adapted well to the changing
environment. - John L. Schmidt,
Wildlife Specialist, Cooperative
Extension Service, South Dakota
State University.

Pesticide s in the
Environ ment

U.S. DEPARTMENT OF AGRICULTURE

Before the turn of this century,
farmers were largely self-sufficient.
Pests were accepted as a fact of life.
Farmers were more or less powerless to cope with the problem of
crop damaging pests. Shortly after
the turn of the century, manufactured chemicals began to appear
and they gave man a means of combating pests. Over the next 30 years
there were some improvements in
pesticides but man still had less
than a dozen chemicals to fight off
damage caused by pests.
At the end of World War II the
"know-how" of American agriculture was called upon to feed half of
a war-ravaged world. One new
agricultural tool then began to take
its place in the picture of modern
agriculture.
This new tool consisted of the
organic pesticides.
Within a few years organic pesticides were credited with a major
contribution for doubling yields of
many crops. Production costs drop22

ped. In many places in the world,
diseases such as malaria became
insignificant. For the first time in
history, man was able to come to
grips with destructive pests in his
fields, in the storehouse, and in the
marketplace.
Pesticides Boost Production

Today pesticides make it possible
to tilt the cost-return ratio in favor
of the producer and ultimately
the consumer. Pesticides now are
an important component of our
technology and are one reason why
a single U. S. farmer is able to produce enough food for himself and
nearly 50 other persons. Agriculture
is producing more and on less land
-some 83 million fewer acres are
used in production now than in
1950.
Yet, in spite of all this, annual
U. S. losses to pests are still estimated to amount to $16 billion and
losses world-wide are estimated in
excess of $70 billion. It is much more
important that this amounts to

enough food for about a billion
people. In our complex system the
use of pesticides represents the thin
line between profit and loss. In
emerging countries of the world,
pesticide use may well represent the
difference between survival and
starvation.
Research by both private and
governmental organizations has developed a vast array of knowledge
relating to pesticide contamination
on crops, foods, soil, animals, and
man. Before any pesticide is ever
registered for public use and sale
in interstate commerce, it undergoes a strenuous program of screening and testing for safety and
performance. At the same time, new
detection techniques and further
performance tests on the alreadyregistered pesticides maintain a
constant surveillance on the effects
of pesticides on the environment
and on non-target organisms.
Surveillance Program

The need for appraising normal
use of pesticides and potential effects on the environment resulted in
a continuing surveillance program
beginning in the spring of 1964.
Samples of soil, water, air, terrestrial and aquatic organisms are collected and analyzed for pesticide
content. Pesticides used in the test
areas are recorded. Any residues of
pesticides from this whole spectrum
of sampling are analyzed and
recorded. By starting this program,
bench mark levels of pesticides in
the environment and in organisms
were recorded and subsequent effects of pesticides or their use could
be better evaluated. Thus, early
signs of problems can be recognized
to help avoid trouble in the future.
Generally, the findings of pesticide residue research have not established that levels of pesticides
( especially the chlorinated hydrocarbons) are increasing since the
monitoring program was started. A
report of this research indicates
that the environmental residues
have more or less reached a static
balance between degradation and
use. Further, the report shows that
residues in soil, water and crops
were well within safe limits set by
the Food and Drug Administration

( and now by the Environmental
Protection Agency) .
Chemical Residues

cides persist for a long time, and
only three or four tend to accumulate in wildlife. Animals vary in
their innate ability to metabolize,
store and eliminate pesticidessome store more than others.

Pesticide use can and does result
in chemical residues on harvested
crops. · Therefore constant surveillance of our food supply in marketing channels is an important aspect
of a system which collects random
samples of food in key cities of the
United States. More than 25,000
separate food samples are taken
during each sampling period. Findings have shown that our foods are
well within safe limits for human
consumption. At the outset of the
program in 1964, it was found that
about half the food items had pesticides but these residues were mostly within legal limits. The 3% found
to exceed the legal limit were subsequently destroyed. ( The legal
limit for a pesticide is set approximately 10 times less than the safe or
"no effect" level on any raw agricultural product.) It should be
pointed out that these residues
were on the raw agricultural product. This surveillance project also
follows the same products through
preparation and cooking for the table. Analyses of these prepared
foods demonstrated that they contained even smaller amounts of residues-up to 10 times less-than
was originally found on the raw
product.

A ban of all persistent pesticides
would destroy the very trait that
makes these pesticides virtually indispensible in the places where long
lasting effects are absolutely necessary. However, research efforts have
been intensified in regard to persistency of pesticides and in certain
cases cancellations or alterations. in
their use patterns have been made.
Regulations must be based on
sound scientific information and
not yield to emotion.

In addition to safeguarding
human health, those involved in
pesticide usage are also concerned
for non-target organisms and areas.
When pesticides are deliberately or
accidentally misused, or carelessly
sprayed over large areas, harm is
sometimes caused to beneficial
plants, fish, animals and insects.
arisen
has
problem
Another
through the persistence of certain
pesticides ( such as the chlorinated
hydrocarbon insecticides) and evidence indicates that their residues
are in the environment and may be
accumulating in food chains. Research efforts have been intensified
by private and government research
agencies to determine the extent of
pesticide residues in the environment. However, pesticides and persistence are not universally one and
the same thing. Only a few pesti-

Our need to use pesticides and
other pest control chemicals will
continue for the foreseeable future.
However, this does not endow man
to use pesticidal chemicals on an
infinitely increasing scale without
regard to environmental quality.
Predictable changes will undoubtedly come in regulation of
restricted pesticides, pest management, integrated control, resistant
varieties of crop plants, more strict
sanitary and quarantine laws. In the
future, man will put increasing
demands upon the environment.
But continuing efforts in methodical
research procedures by private and
government groups will assure safe
and effective pesticide and pest
control in the future.-Wayne L.
Berndt, Pesticide Specialist, Cooperative Extension Service, South
Dakota State University.
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In some cases, reproductive failures of certain birds have been
blamed on DDT, and its metabolites, and dieldrin. Research efforts
involving DDT and its metabolites,
plus such variables as light, calcium
intake, and nutrition, have been conducted in an attempt to correlate
the presence of DDT and reproductive failures. In certain cases, a correlation has been demonstrated,
some with dosages far in excess of
what would be encountered in nature and others at natural levels.
Application of these effects to other
bird species, mammals, and man
have been largely inconclusive.
Total Ban No Solution

Animal Wastes as a
Pollution
Source
Concentration of meat, milk, and
egg producing animals in relatively
small areas for management efficiency has developed during the
past 20 years. A result is also greater concentration of animal wastes
which raises the issue of pollution
from livestock operations.
Previously animal wastes were a
main source of fertilizer and they
were "recycled" through the soil.
Now, however, comparatively inexpensive and easier-to-apply chemical fertilizers have resulted in
animal wastes-manure-becoming
an expensive and frequently
troublesome byproduct. Research
indicates that part of this expense
can be recovered as a resourceas a fertilizer and soil conditioner.
Therefore, land will continue to be
the ultimate disposal site of animal
wastes:
The Regulations

The South Dakota basic law on
pollution and the South Dakota
Water Quality Standards apply to
animal waste discharges. After
many reviews, hearings, and rewrites, the South Dakota Committee
on Water Pollution adopted regulations for control of livestock
wastes on August 24, 1971.
Summarized, the regulations require that a permit to discharge
wastes be applied for by March 20,
1972 if:
1. the number of animals confined exceeds 500 animal units, or
2. the livestock operation, regard-

This brook-like stream contains
high strength runoff waste from a
feedlot. Discharged into a stream
or lake, the waste can cause serious
pollution problems.
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less of size, is a pollution source,
or
3. the livestock enterprise contributes to a watercourse draining 3,200 acres of land above
the enterprise and/ or the distance to the nearest point on
the body of water or watercourse is less than 2 feet per
head of cattle or equivalent in
the enterprise, or
4. the polluted runoff water drains
into a tile line, sink hole, or well
of any kind, or
5. the operator voluntarily submits an application.
After consideratio n of the application, the Water Pollution Committee will issue a permit if it is
found that the operation is not contributing to pollution. If pollution
does result from the operation, the
operator must submit plans for control facilities within 120 days after
notice from the committee. If approved, the committee will issue a
permit for discharge of waste subject to construction of control facili-

ties as approved. Permits must be
renewed annually. Access to livestock operations by committee
representativ es for inspection purposes is a requirement of the regulations.
The Problem

Research at South Dakota State
University indicates that an average
acre of feedlot runoff will yield
about 1,500 pounds of BOD per
year ( see definition of terms). This
amount is not excessive since it
could be compared to the annual
BOD yield from about 25 people.
However, in the case of the feedlot,
the yield moves out rapidly over a
short time in "slugs" that result from
rainstorms or snow melt. Other runoff yields per acre of feedlot amounted to 9,400 pounds of solids, 470
pounds of nitrogen and 340 pounds
of phosphorus per year. Again, the
amounts are not excessive-b ut the
"slug" action may have a significant
effect on the quality of the receiving
water.
Gentle slope drainage below the
lot helps reduce the slug action.
Slugs are further dissipated if drain-

age slopes are seeded to a crop or.
grass. However, a well defined
drainage channel on a steep slope
will increase the slug intensity. Locating the livestock concentratio n
near the receiving waters of a
stream or lake poses a potentially
difficult problem because natural
dissipation of the slug is greatly
reduced.
Control FacHities

Pollution control facilities are
normally considered to consist of
four practices:
Practice I is to divert around or
away from the concentratio n area
the "foreign" drainage water that
accumulates outside the area's
boundaries. Thus the only rain water or snow melt to be handled is
that which falls on the concentration area.
Practice II includes an interceptor channel and settling channel to
reduce the drainage water velocity
with a gentle slope and small buffer
dams. This causes solids to settle
out and de-water so they can be removed later with regular farm
equipment.

An example of a feedlot debris basin large enough so that a spillway
is not required. (SCS photo.)
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Practice III is the liquid holding
pond where liquids accumulate
during a storm or snowmelt.
Practice IV is some device for removing the liquids from the holding pond after the storm or thaw.
As shown in the accompanying illustration, it can be pumped onto
the land by sprinkler irrigation.

All operations will not require all
four of these practices for control.

In fact, many operations will require none. Practice I alone will be
enough for others. The degree to
which run-off from the livestock operation degrades receiving waters
below the designated use for those
waters, as stated in the South Dakota Water Quality Standards, dictates the degree of control for
which facilities should be designed.
Pollution Threat to Ground Water

Pollution caused by concentra-

tions of livestock is a potential
threat to ground water. Research indicates that a hazard may exist;
although, because of the wide diversity of conditions, additional information is needed. Management
practices, slope, soil type, and other
factors have a bearing on the threat.
-Louis Lubinus, Agricultural Engineer, Cooperative Extension Service, South Dakota State University.

Feedlots near waterways may have •
obvious pollution problems. Complete
pollution abatement facilities may be
necessary. Diversion of "foreign" drainage (I) confines precipitation runoff
from the feedlots to only that which actually falls on the lot area. The feedlot
runoff is intercepted by a channel at the
lower end of the lots. Settleable solids
are removed from the runoff in the debris channels (11), with porous dams
allowing liquids to flow to the holding
pond (III). Conventional manure handling equipment removes solids after dewatering and liquids may be pumped
and spread on adjacent land (IV). Odors
are held to a minimum with this system.

An example of a diversion channel
to intercept "foreign" water before
it reaches the feedlot ( to the left,
not shown).
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Flow Chart for Beef Feedlot Runoff·
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South Dakota Air
Pollution

Air pollution has been found in
South Dakota although not in
amounts to cause extensive damage.
Tobacco plants, which are sensitive to certain types of air pollution, have shown the tell-tale
"flecks" of ozone injury in South
Dakota. Ozone is present in the
smog-type air pollution usually
associated with large cities and
industrial areas of the United States.
Certain substances under certain atmospheric conditions react with
oxygen in the presence of sunlight
to form ozone. Damage to economically important plants from air pollution has become a major problem
in some regions of the United States.
In the absence of costly air sampling equipment, experimental tobacco plants are being placed at
various points in South Dakota un~
der SDSU auspices to monitor air
pollution. The idea is that making
such readings will give "yes" or "no"
reactions. If indications are that
such pollution is present ( and possibly a general idea of how much),
benchmarks can be established for
future measurements. If the reactions indicate no pollution of this
type but it does occur in the future,
it will help in pinpointing the potential sources.
Ozone injury to alfalfa plants has
been detected in eastern South Dakota through the use of sensitive
tobacco plant "indicators."
Burning the sawdust byproduct
of western South Dakota's lumber
industry has resulted in some complaints about air pollution from
smoke. An example of spin-off from
experiments to convert byproducts
into useful channels is preliminary
SDSU Agricultural Experiment Sta- .
tion research into possibilities of
using sawdust as an element in
livestock rations.

Ozone injury to tobacco plants detected in experimental plantings at
Brookings. The typical white
'Yf,ecks" were first noted in plant
pathology laboratories at SDSU
and later at various places in the
state.
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Helpful Definitions
These definitions are provided to
assist in understanding some of the
technical terms or aspects discussed
within this publication as well as
to establish a common understanding of a word or phrase.
Animal Unit. As used in South
Dakota livestock regulations, one
animal unit means: 1 beef cow,
steer, feeder or fat animal; or, 1
horse; or, 0.7 dairy cow; or, 1.7
swine; or, 6.7 sheep; or, 33 hens,
cockerels, capons, broilers or ducks;
or, 10 geese or turkeys.
Biochemical Oxygen Demand
(BOD). A measure of the oxygenconsuming potential of organic materials in water. A BOD of 200 parts
per million means that 200 pounds
of oxygen are required to oxidize
or stabilize the organic materials in
1,000,000 pounds of water in 5 days
at 20 degrees ( C.).
Biodegradation. The conversion
by biological organisms of a complex material into one or more
simpler substances.
Ecology. The science of the relationship between a living organ-

ism and its environment. This term
is frequently misused and confused
with ecosystem. Thus we can
destroy a river ecosystem but not
the river ecology.
Ecosystem. A living community
of plants and animals together with
interacting nonliving parts of the
environment-soil, water, sunlight,
and air. Examples of ecosystem
types in South Dakota include the
prairies, pine forests, marshes, and
river bottoms.
Environment. The total of all external conditions and influences
which affect a living organism. For
example, the human environment
includes everything one hears, sees,
breathes, eats, smells, touches, and
tastes.
Eutrophication. (a) Excessive
fertilization of natural waters.
These nutrients produce large
quantities of aquatic plants. Eutrophication is a natural process that
can be greatly accelerated by man.
( b ) The enrichment of natural
waters by nutrients that support
rich organic production such as al-

gal blooms. When water receives
an excess of plant nutrients, too
much plant life results. The excess
plants die, decay, and use up dissolved oxygen in the water. This
limits other biological life in the
water.
Organic matter fraction. That
part of the surface soil particle consisting of decayed or partially decayed plant and/or animal matter.
Pollutant. ( a) ( As denned in the
South Dakota Water Quality Standards). A substance or mixture of
substances that can be controlled,
reduced in volume, reduced in
quantity, chemically altered and/or
treated and shall include but not be
limited to domestic, municipal, in-•
dustrial and agricultural waste discharges.
( b) A substance of such character and such quantities that the
natural quality of the water, air, or
soil receiving the substance is degraded so that its usefulness is impaired.
Sediment. Soil particles moved by
water. A product of erosion.

References , Additional Informatio n
This list of references and suggestions for additional assistance is intended as a guide, especially for the
more available popular-type publications or those with more direct
applications to South Dakota conditions.
Other sources of information consist of persons technically associated with a wide variety of subjects
relating to pollution, pollution control, environment, and ecology.
These persons may be in educational institutions, governmental agencies, and private industry. For
example, South Dakota State University does research through an
Agricultural Experiment Station
and an Engineering Experiment
Station. To get research information
to persons who' need and can use it,
SDSU has the Cooperative Extension Service with state specialists

at Brookings and county agents in
every South Dakota county.
Because of the cooperative nature
of many SDSU research and extension activWes, other agencies and
organizations also become sources
of information. Examples include
conservation districts and the Soil
Conservation Service. These can
provide technical assistance in farm
and ranch conservation planning
and practice application as well as
working with builders and developers concerning conservation problems. Cost sharing and financial
assistance is provided for some of
the conservation measures through
assistance by the Agricultural Stabilization and Conservation Service
and the Farmers Home Administration.
Some of the suggested publications include:
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A Primer on Agricultural Pollution. Soil Conservation Society of
America, 7515 Northeast Ankeny
Road, Ankeny, Iowa 50021 ( $1.50
copy).
Agricultural Research Service.
Managing Our Environment. U. S.
Department of Agriculture, Agricultural Information Bulletin 351
( 1971), 49p.
Controlling Erosion on Construction Sites, AIB 347 USDA.
Ecological Effects of Pesticides
on Non-Target Species. Executive
Office of the President. Office of
Science and Technology. U.S. Government Printing Office, Washington, D. C., 1971, 220p.
industrial wastes guides: For sale
by the Superintendent of Documents, U. S. Government Printing
Office, Washington, D. C. 20402.

PHS Pub. No. 1320 Synthetic
Textiles Industry ( 25c) 1965.
PHS Pub. No. 991 Poultry Processing Industry ( In Press).
PHS Pub. No. 952 Fruit Processing Industry ( 20c) 1962.
PHS Pub. No. 756 Potato Chip
Industry ( 20c) 1961.
PHS Pub. No. 691 Cane Sugar
Industry ( 25c) 1959.
PHS Pub. No. 677 Cotton Textile
Industry ( 25c) 1959.
PHS Pub. No. 509 Commercial
Laundering Industry ( 15c) 1956.
PHS Pub. No. 438 Wool Processing Industry ( 15c) 1955.
PHS Pub. No. 386 Meat Industry
( 20c) Revised 1965.
PHS Pub. No. 298 Milk Processing Industry ( 20c) Revised 1959.

Managing Our Environment ( A
report on ways agricultural research
fights pollution). AIB 315, USDA.
Pollution Problems - How Much
Is Agriculture to Blame? By Dr. G.
E. Smith, Agriculture Nitrogen
News, March-April 1968.
Regulations for Disposal of Dead
Animals. South Dakota Livestock
Sanitary Board.
Science and Improving Our Environment. AIB 319, USDA.
Science and Saving Water and
Soil. AIB 324, USDA.
Sediment, It's Filling Harbors,
Lakes, and Roadside Ditches. AIB
325, USDA.
South Dakota State University.
South Dakota's Environment - Its
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Pollution and Preservation. Proceedings of a Symposium ( Brookings,
S. D., April 1971). 39p. ($1.00
copy).
South Dakota State University.
South Dakota Agriculture and
Water Quality. Proceedings of a
Symposium on Water Pollution
(Brookings, S. D., March_ 1970).
58p.
U. S. Department of the· Interior.
Fish, Wildlife, and Pesticides. U. S.
Government Printing Office, Washington, D. C. 12p. 1966.
U. S. Department of the Interior.
Organochlorine Pesticides in the
Environment. Special Scientific Report, Wildlife No. 119., Laurel,
Maryland.
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